Introduction
Although a procedure has been developed for the preparation of a-D-ribofuranosyl disaccha rides with stereoselectivities of ca. 90:10 [2] , no method for the synthesis of a-D-ribopyranosyl di saccharides has been reported to date. Recently, it was shown that crystalline 3-0-acetyl-2,4-0-phenylboranediyl-/7-D-ribopyranosyl bromide (1) is readily prepared and that it reacts with sodium methoxide and phenoxide with > 98% stereoselectivity to give a-D-ribopyranosides [3] . The high stereoselectivities in favour o f the less stable 1,2-cw-glycosides are attributed to the parti cipation of the neighbouring O-phenylboranediyl group, which can form labile borates with the nu cleophile prior to inversion at the anomeric centre [3, 4] , This paper describes the syntheses of 1 -> 1-, 1->3-, and 1^6 -lin k ed a-D-ribopyranosyl disac charides with >95% stereoselectivities using 1 as the educt.
Results and Discussion
In order to test the usefulness of 1 for preparing a-D-ribopyranosyl disaccharides, 1,2:3,4-di-Oisopropylidene-a-D-galactopyranose and 1,2:5,6-di-O-isopropylidene-a-D-glucofuranose were cho sen as representative hydroxy com ponents [5] . Prior to glycosylations with 1, these O-iso-* Reprint requests to Dr. W. V. Dahlhoff.
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Verlag der Zeitschrift für N aturforschung. D-7400 Tübingen 0932-0776/90/1200-1669 SOI.00/0 propylidene protected monosaccharides were first converted to diethyl ether-soluble sodium o r ganooxytriethylborates by stoichiometric reac tions with sodium triethylhydroborate as de scribed previously [6] , Dropwise additions o f the stoichiometric am ounts of the borates in diethyl ether to 1 in diethyl ether at room tem perature re sulted in the immediate precipitation of sodium bromide in both cases. After 1 h reaction time the sodium bromide was filtered off to give crystalline 97% pure (GC) 6-0-(3-0-acetyl-2,4-0-phenylboranediyl-a-D -ribopyranosyl)-1,2:3,4-di-O-isopropylidene-a-D-galactopyranose (2a) in 87% yield after crystallization from diethyl ether.
The reaction of 1 with the much less reactive and very sterically demanding sodium( 1,2:5,6-di-Oisopropylidene-3-0-a-D-glucofuranosyl)triethylborate required 3 h under reflux and, after filtra tion and subsequent crystallization of the crude product from diethyl ether, 3-0-(3-0-acetyl-2,4-0-phenylboranediyl)-1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (2 b) was easily isolated by filtra tion in 52% yield as a colourless crystalline solid of 97% purity.
Both 2 a and 2b are deboronated by treating only once with propane-1,3-diol and then deacetylated with methanolic sodium methoxide to give For the preparation of an a-D-ribopyranosyl ribopyranoside, two equivalents of 1 were reacted with hexabutyl-distannoxane at room tem perature in the presence of tetrabutylam m onium bromide. As this approach had previously been used to syn thesize /?-D-mannofuranosides from O-ethylboranediyl protected a-D-m annofuranosyl bro mide [7] , it was anticipated that the major product Starting materials: Sodium triethylhydroborate was prepared by reacting triethylborane with so dium hydride [8] , 1,2:3,4-Di-O-isopropylidenea-D-galactopyranose and 1,2:5,6-di-O-isopropylidene-a-D-glucofuranose and bis-(tributyltin)oxide were purchased from Aldrich-Chemie. The so dium organooxytriethylborates of the aforem en tioned protected aldoses were prepared by stoi chiometric reactions with sodium triethyl-hydroborate as described previously [6] .
47 g, -6.5 mmol) in diethyl ether (18 ml) is ad ded dropwise in 2 h to a stirred solution o f 1 (2.17 g, 6.36 mmol) in diethyl ether (18 ml) at room temperature. Sodium bromide is formed im mediately and after stirring for 1 h, it is filtered off and the filtrate is concentrated in vacuo to give crude solid 2a (3.2 g, 97%) which is then dissolved in diethyl ether (20 ml) under reflux. On cooling to room tem perature crystalline 2 a is rapidly deposit ed and filtered off over a cold (-8 0 °C) sintered glass frit, washed with pentane (10 ml) and dried in vacuo to give 2a (2.85 g, 87%) of 97% purity (GC).
A solution of sodium (1,2:5,6-di-O-isopropylidene-3-0-a-D-glucofuranosyl)triethylborate (1.14 g, ~ 3 mmol) in diethyl ether (10 ml) is added dropwise in 1 h to a stirred solution of 1 (1 g, 2.93 mmol) in diethyl ether (15 ml) at room tem pera ture. The mixture was then heated under reflux for 3 h and after cooling to room tem perature, the so dium bromide is filtered off and the filtrate con centrated in vacuo (10~3 torr) to give crude 2b (1.25 g, 83%). Diethyl ether (10 ml) is added to this residue, the flask is cooled to -8 0 °C and 2 b is filtered off and dried (10 3 torr) to give colourless, crystalline 2b (0.79 g. 52%) of 97% purity (GC).
-0 -( a-D-Ribopyranosyl ) -l ,2 :3 ,4-di-O-isopropylidene-a-D-galactopyranose (3 a)
Propane-1,3-diol (20 ml) is added to 2a (5.0 g, 9.6 mmol) and the stirred mixture is concentrated at 60 C, 10" ' torr. M ethanol (20 ml) and sodium methoxide (20 mg) are added to the residue and the mixture is stirred for 18 h at room tem pera ture. Basic ion exchange resin is added to pH 7 -8 , filtered off and the filtrate concentrated in vacuo (10-3 torr) to give colourless solid 3a (3.6 g, 95%).
-0 -(a-D-Ribopyranosyl ) -l ,2 :5 ,6-di-O-isopropylidene-a-D-glucofuranose (3b)
M ethanol (5 ml) and propane-1,3-diol (5 ml) are added to 2b (2.36 g, 4.54 mmol) and the stirred mixture is concentrated in vacuo. Methanol (15 ml) and sodium methoxide (20 mg) are then added to the residue and the mixture is stirred at room tem perature for 2 h. A spatula tip of basic ion ex change resin is added and after 10 min filtered off. washed with m ethanol (5 ml) and the filtrate con centrated in vacuo (10 3 torr) to give 3b (1.7 g, ~ 96%) as a colourless solid.
-0-( 2,3,4-Tri-O-acetyl-a-D-ribopyranosyl) -1,2:3,4-di-O-isopropvlidene-a-D-galactopvranose (4a)
Pyridine (6 ml) and acetic anhydride (3 ml) are added to 3 a (0.93 g, 2.37 mmol) and the mixture is stirred for 5 h. The volatile components are re moved in vacuo (10~3 torr, 60 C) and the residue treated with four portions (15 ml) of methanol/ diethyl ether (1:3) and concentrated in vacuo (10~3 Table II . torr) each time to give colourless solid 4 a (1.15 g, 94%) of 98.1 % purity (GC).
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-0 -( 2,3,4-Tri-O-acetyl-a-D-ribopyranosyl)-1,2:5,6-di-O-isopropvlidene-a-D-glucofur ariose (4 b)
Pyridine (6 ml) and acetic anhydride (3 ml) are added to 3b (1.00 g, 2.55 mmol) and the solution is stirred for 16 h at room tem perature. The volatile components are distilled off in vacuo (10-3 torr, 60 °C) and the pale-yellow residue is chrom ato graphed through a silica gel column ( 0 3 cm, 25 cm packed) with ethyl acetate/pentane 1:1 to give colourless, foam-like 4b (1.2 g, 91%) of 97% puri ty (GC).
-0 -Acetyl-2,4-O-pheny Iboranediv l-a-D-ribopyranosyl 3-O-acety 1-2,4-O-pheny Iboranediyl-ß-D-ribopyranoside (5)
Hexabutyl distannoxane (1.6 g, 2.78 mmol) is added to a stirred solution of 1 (1.82 g, 5.35 mmol) in diethyl ether (40 ml). The tetrabutylam m onium bromide (0.86 g, 2.67 mmol) and toluene (10 ml) are added to give a homogeneous solution. After 2 h diethyl ether is added to precipitate the catalyst which is filtered off and the filtrate is concentrated in vacuo (10~3 to rr/100 °C) to give crude solid product to which pentane (40 ml) is added, the mixture boiled under reflux and the pentane solu tion is decanted off. This is repeated twice more and the solid is dried to give 5(1.1 g, 76%) of 95% purity (GC).
